Effects of comfort food on food intake, anxiety-like behavior and the stress response in rats by Ortolani, Daniela et al.
Physiology & Behavior 103 (2011) 487–492
Contents lists available at ScienceDirect
Physiology & Behavior
j ourna l homepage: www.e lsev ie r.com/ locate /phbEffects of comfort food on food intake, anxiety-like behavior and the stress
response in rats
D. Ortolani a,b, L.M. Oyama c, E.M. Ferrari b, L.L. Melo a, R.C. Spadari-Bratﬁsch a,⁎
a Department of Biosciences, Federal University of São Paulo, Santos, SP, Brazil
b Department of Anatomy, Cell Biology, Physiology and Biophysics, Institute of Biology, State University of Campinas, Campinas, SP, Brazil
c Department of Physiology, Federal University of São Paulo, São Paulo, SP, Brazil⁎ Corresponding author at: Departamento de Biociên
Costa, 95, CEP: 11060–001, Santos, SP, Brazil. Tel.: +55
E-mail address: regina.spadari@unifesp.br (R.C. Spad
0031-9384 © 2011 Elsevier Inc.
doi:10.1016/j.physbeh.2011.03.028
Open access under the Ea b s t r a c ta r t i c l e i n f oArticle history:
Received 29 January 2011
Received in revised form 23 March 2011
Accepted 27 March 2011
Keywords:
Foot-shock stress
Comfort food
Anxiety
Corticosterone
Leptin
Insulin
BehaviorIt has been suggested that access to high caloric food attenuates stress response. The present paper
investigates whether access to commercial chow enriched with glucose and fat, here referred to as comfort
food alters behavioral, metabolic, and hormonal parameters of rats submitted to three daily sessions of foot-
shock stress. Food intake, anxiety-like behaviors, and serum levels of insulin, leptin, corticosterone, glucose
and triglycerides were determined. The rats submitted to stress decreased the intake of commercial chow, but
kept unaltered the intake of comfort food. During the elevated plus maze (EPM) test, stressed rats increased
the number of head dipping, entries into the open arms, as well as the time spent there, and decreased the
number of stretched-attend posture and risk assessment. These effects of stress were independent of the type
of food consumed. Non-stressed rats ingesting comfort food decreased risk assessment as well. Stress and
comfort food increased time spent in the center of the open ﬁeld and delayed the ﬁrst crossing to a new
quadrant. Stress increased the plasma level of glucose and insulin, and reduced triglycerides, although
consumption of comfort food increases glucose, triglyceride and leptin levels; no effect on leptin level was
associated to stress. The stress induced increase in serum corticosterone was attenuated when rats had access
to comfort food. It was concluded that foot-shock stress has an anorexigenic effect that is independent of
leptin and prevented upon access to comfort food. Foot-shock stress also has an anxiolytic effect that is
potentiated by the ingestion of comfort food and that is evidenced by both EPM and open ﬁeld tests.cias, UNIFESP, Avenida D. Ana
13 3878 3741.
ari-Bratﬁsch).
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The stress reaction is known to include metabolic changes in an
effort of the organism to maintain homeostasis and increase chances
of survival. The glucocorticoids and catecholamines orchestrate the
stress reaction, altering the activity of most of the organic systems as
well as the overall metabolism [1]. Metabolic responses to stress
include an increase in plasma glucose, due to the stimulation of
gluconeogenesis and glucogenolysis in the liver and the reduction of
glucose uptake in insulin dependent tissues; mobilization of amino
acids from extra-hepatic tissues; stimulation of lipolysis; and an
increase in the metabolic rate [2]. All of these processes enhance the
available energy which makes it possible to cope with stress and
survive. However, both inadequate control of the stress response and
repeated exposure to stress may represent a severe threat to health
and well being.In addition tometabolic alterations, anhedonia, depression [3], and
anxiety [4] are also associated with stress. Comorbidity between
anxiety and depression is common in humans [5], and both are related
to the increased effects of corticotrophin-releasing hormone (CRH)
levels and hypothalamic–pituitary–adrenal axis (HPA) activity [4,6].
However, in animals contradictory effects are observed depending on
the stress model and the experimental protocol. While some authors
have reported enhanced anxiety-related behavior evaluated 24 h or
1 week after one session of foot-shock stress [7], others found no such
effects [8]. On the other hand, a decrease in anxiety-related behavior
was reported after chronic mild stress [9–12].
One of the behaviors affected by stress is feeding. Studies
evaluating animal models or humans have suggested that food intake
may either increase, decrease, or even do not change during stressful
periods [13,14]. Various factors related to the stress response may be
involved in these effects, including the activation of the autonomic
nervous system [15]; the stimulation of the HPA axis, which releases
CRH, adrenocorticotropic hormone (ACTH) and glucocorticoids [16];
and the release of leptin and insulin [17]. Moreover, during stress, the
areas in the nervous system that are involved in the cognitive and
emotional aspects of eating behavior related to the effects of reward
and motivation are activated [18]. Therefore, it has been proposed
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the food the animals have access to and the combination of plasma
levels of glucocorticoids and insulin [14,19]. When rats exposed to
restraint stress are allowed to have access to food rich in sugar and
lard, the intake of these foods attenuates the endocrine stress
response [19–21] although the rats behaviors evaluated in the
elevated plus maze and the open ﬁeld were not altered [22].
We have demonstrated that rats exposed to foot-shock stress
reduce food intake, present high serum levels of glucose and insulin,
and are insulin resistant [23]. The serum corticosterone level of these
animals enhanced immediately after each foot-shock session, and
returns to basal levels within 24 h [24]. The mechanism through
which food intake has been reduced after foot-shock stress has not
been clariﬁed.
In the present study we investigate whether the access to comfort
food alters the food intake and some other aspects of the behavior of
rats submitted to foot-shock stress, as well as the consequences of the
intake of comfort food on metabolic markers.
2. Materials and methods
2.1. Animals
Eighty-six adult male Wistar rats weighing 250 to 300 g at the
beginning of the experiments were used. The animals were housed in
a temperature-controlled room (22±2 °C), with a 12 h light/dark
cycle (lights on at 7:00 am). The rats were placed in individual acrylic
metabolic cages (20 cm in diameter×14 cm in high) with the ﬂoor
made of stainless-steel rods. The cages were adapted to contain two
feeders.
During the experiments, the animals were cared for in accordance
with the principles for the use of animals in research and education, as
laid down in the Statement of Principles adopted by the board of the
Federation of American Societies for Experimental Biology (FASEB).
The experimental protocols were approved by the Institutional
Committee for Ethics in Animal Experimentation of the University of
Campinas (certiﬁcate number 1409–1).
The rats were distributed in two groups according to diet, with half
being offered only commercial chow (Labina, Purina®, Evialis Group,
Brazil) and the other half given access to comfort food as well; these
diets were made available three days before the experiment began
and were maintained throughout. Both groups were further sub-
divided according to stress procedure, with half of each group being
maintained under non-stressed conditions, while the other half of
each were submitted to inescapable foot-shock stress, as described
below. The four resulting experimental groups were designated
commercial chow-control; commercial chow-stress; comfort food-
control; and comfort food-stress (Fig. 1). Two additional groups of
unstressed rats fed with commercial chow only or having access toFig. 1. Experimental protocol design.both diets (n=6 each) were maintained in standard cages for the
determination of basal serum corticosterone levels.
2.2. Diet composition
Commercial chow for rodents (Labina, Purina®, Evialis Group, São
Paulo, Brazil) was offered to all rats along with tap water ad libitum.
Two groups were also offered the option of comfort food, which was
prepared with powdered commercial chow, peanuts (Hikari®, São
Paulo, Brazil), milk chocolate (Chocolates Garoto®, Espírito Santo,
Brazil) and sweet cookies (Tostines®, Nestlé, São Paulo, Brazil) in a
proportion of 3:2:2:1. This diet was pelletized and provided 20%
protein, 20% fat, 48% carbohydrate, and 4% ﬁber. The caloric densities
of this diet and of the commercial diet were determined with an
adiabatic calorimeter (C400, IKA®Works, São Paulo, Brazil) and were
21.40 kJ/g (35% of calories as fat) and 17.03 kJ/g, respectively [25]. The
amount of food consumed by each animal was evaluated by weighing
the food remaining in the feeders on a digital scale, every 24 h.
2.3. Foot-shock stress protocol
The rats were placed in a Plexiglas chamber (26×21×26 cm)
provided with a grid ﬂoor made of a stainless-steel rods (0.3 cm in
diameter, spaced 1.0 cm apart). During the 30 min sessions, which
occurred between 7:30 am and 11:00 am, the foot-shocks were deliv-
ered by a constant current source controlled by a microprocessor-
based instrument constructed at the Biomedical Engineering Center,
State University of Campinas. The current intensity was 1.0 mA,
duration 1.0 s with pulses delivered at random intervals of 5–25 s
(mean interval of 15 s). The rats were returned to the metabolic cages
at the end of the ﬁrst and the second foot-shock sessions. After the
third session, the rats were evaluated in the behavioral tests or
sacriﬁced for blood collection. Those rats designed to blood collection
for determination of plasma glucose and insulin were fasted overnight
before sacriﬁce.
The rats in the control groups were also placed in the foot-shock
cage for the same period of time, but received no foot-shock.
2.4. Behavioral analysis
2.4.1. Elevated plus-maze test (EPM)
After the third period in the foot-shock cage, the animals were
evaluated in the EPM, under a 60 lx light, as previously described
[26,27]. The animals were placed individually in the center of the
maze, facing one of the closed arms at the junction between open and
closed arms. A video camera was installed to register the animal's
behavior for 5 min, and the videos were then analyzed by more than
one researcher. The rat was considered to have entered an arm of the
maze if all four paws were within that arm. Conventional parameters
of anxiety-like behavior were monitored, i.e., the number of entries
into the closed arms, entries into the open arms, and the total time
spent in each arm. The ratio between time spent in the open (or
closed) arms and time spent in the open plus the closed arms was
calculated andmultiplied by 100, to yield the percentage of time spent
in open (or closed) arms. Moreover, the number of each of the
following ethological categories was measured: head dipping (dip-
ping of the head below the level of the maze ﬂoor), risk-assessment
(exiting an enclosed arm with the forepaws and head only, to
investigate the surroundings, often, but not necessarily, accompanied
by body stretching), stretched-attend postures (when the animal
stretches to its full lengthwith the forepaws, keeping the hind paws in
the same place and turns back to the anterior position), rearing (rising
on the hind limbs), grooming (licking, scratching, and washing of the
head and body), and production of fecal bolus. These categories were
deﬁned according to previous studies [28–30]. After the removal of
each animal, the maze was cleaned with a 10% ethanol solution.
Table 1
Daily food (g), caloric intake (kJ) and gain body weight (g) of control and foot-shock
stressed rats fed with commercial chow; control and foot-shock stressed rats given an
option of commercial chow and comfort food.
Commercial chow Comfort food
Control (20) Stress (20) Control (15) Stress (15)
Commercial (g) 24.05±0.77 21.90±0.61a 1.43±0.30 0.55±0.18a
Comfort (g) – – 21.77±0.59b 21.87±1.39b
Total calories (kJ) 409.6±13.2 372.9±10.4c 490.2±10.9c 478.7±29.5c
Gain body weight (g) 10.80±1.14 8.95±1.70 8.43±0.83 6.53±1.20
The numbers between parentheses are the number of animals in each group.
a Signiﬁcantly different from control rats fed with commercial chow only (pb0.05,
Student's t test).
b Signiﬁcantly different from the intake of commercial chow for the same group.
c Signiﬁcantly different from control rats fed with commercial chow (pb0.05, two-
way ANOVA and Newman–Keuls post-test).
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Immediately after the EPM test, each animal was evaluated in the
open ﬁeld, under a 60 lx light. The apparatus consists of an acrylic
cylinder, 72 cm in diameter, and 60 cm high; the base is divided
into 12 equal areas (rectangles measuring 13.3 by 15.0 cm). A video
camera was installed to register the animal's behavior. Rats were
placed individually in the open ﬁeld for 5 min, and the following
parameters were analyzed: latency to ﬁrst crossing, time spent on the
periphery and in the center of the apparatus, number of crossings
(times that the animal enters another square with the all paws),
number of rearings, number of groomings, and number of fecal bolus
[31,32]. After each trial, the apparatus was cleaned with a 10% ethanol
solution.
2.5. Biochemical analysis
Within 30 s of the end of the last session, rats were euthanized by
decapitation. Their blood was collected in plastic vials and centrifuged
for 20 min at 4000 rpm, after which aliquots of serum were removed
and stored at −80 °C until assayed for metabolic markers.Fig. 2. Percentage of entries in the open and closed arms of the elevated plus maze of cont
(n=12) and foot-shock stressed rats (n=11) given an option of commercial chow and co
Newman–Keuls post-test).Serum corticosterone concentrations were determined by enzyme
immunoassay (ELISA) using a commercial kit (Assay Designs, Inc., Ann
Arbor, USA). Insulin and leptin were measured using ELISA kits (Linco
Research, Inc., Missouri, USA). Serum glucose and triglycerides were
evaluated with commercial kits from Labtest Diagnostic S.A. (Minas
Gerais, Brazil).
2.6. Statistical analysis
Results are expressed as means±standard error of means. The
data were compared using a Student's t test and a two-way Analysis of
Variance (ANOVA), followed by a Newman–Keuls's test. The differ-
ences were considered signiﬁcant when p≤0.05.
3. Results
3.1. Food intake
Food intake was strongly inﬂuenced by stress and the composition
of the diet (F[3,69]=240; p=0.0001). The rats submitted to foot-
shock stress consumed less commercial chow than did the control rats
(p=0.035, Student's t test). Those rats that could choose between
the two diets showed a clear preference for the comfort food. This
preference was not altered by stress. However, rats submitted to
stress reduced the intake of commercial chow, but did not reduce the
intake of the comfort food (Table 1). Despite the differences in food
and caloric intake, there was no signiﬁcant difference in body weight
between the groups (F[3,69]=1.2; p=0.30, Table 1).
3.2. Behavioral analysis
The percentage of entries (F[1,60]=5.97; p=0.017) and the time
spent in the open arms of the EPM (F[1,60]=4.59; p=0.036) were
greater in rats submitted to foot-shock stress, although the percentage
of entries and the time spent in the closed arms were not altered by
stress nor by diet composition (Fig. 2). After foot-shock stress, head
dipping was more frequent (F[1,60]=5.55; p=0.021), whereas the
number of stretched-attend posture was less frequent (F[1,60]=8.08;rol (n=20) and foot-shock stressed rats (n=18) fed with commercial chow; control
mfort food (⁎signiﬁcantly different from control groups, pb0.05, two-way ANOVA and
Table 2
Behavior evaluated in open arms of elevated plus maze for control and foot-shock
stressed rats fed with commercial chow or given an option of commercial chow and
comfort food. The numbers between parentheses are the numbers of animals in each
group.
Commercial chow Comfort food
Control (20) Stress (18) Control (12) Stress (11)
Head dipping 13.85±1.61 19.16±2.85 ⁎ 12.58±2.19 18.45±2.07 ⁎
Rearing 0 0 0 0
Fecal bolus 0.35±0.18 0.61±0.31 0.00 0.09±0.09
Stretched-attend
posture
13.05±1.26 8.11±1.19 ⁎ 12.25±1.41 9.54±1.25 ⁎
Risk assessment 17.70±0.92 13.44±1.23 ⁎ 11.50±0.73 ⁎ 9.63±0.94 ⁎
Grooming 0 0 0 0
⁎ Signiﬁcantly different from control rats fed commercial chow (pb0.05, two-way
ANOVA and Newman–Keuls post-test).
Fig. 3. Serum corticosterone concentration (ng/ml) of control and foot-shock stressed
rats fed with commercial chow; control and foot-shock stressed rats given an option of
commercial chow and comfort food (n=6 per group); (⁎signiﬁcantly different from
control rats fed commercial chow; #signiﬁcantly different from foot-shock stressed rats
fed commercial chow; pb0.05, two-way ANOVA and Newman–Keuls post-test).
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stressed rats with access to the comfort food also displayed fewer risk
assessments than control rats fed with commercial chow (F[1,60]=
21.25; p=0.001) and this effect was potentiated by the comfort food
(F[1,60]=7.94; p=0.006) (Table 2). None of the rats exhibited rearing
or grooming behaviors in the open arms of the EPM (Table 2).
In rats fed with commercial chow, the parameters evaluated in the
open ﬁeld were not altered by foot-shock stress (Table 3). However,
an interaction between stress and comfort food was observed in the
latency prior to the ﬁrst crossing (F[1,60]=4.79; p=0.032) and in the
time spent in the center of the open ﬁeld (F[1,60]=7.76; p=0.007),
that increased, with a corresponding decrease in the time spent on the
periphery (F[1,60]=6.17; p=0.015). Neither stress nor diet affected
the number of crossings, rearings, groomings and production of fecal
bolus (Table 3).
3.3. Hormonal and metabolic parameters
Foot-shock stress induced an increase in the serum corticosterone
concentration of rats fed with the commercial chow (F[1,22]=14.0;
p=0.0001). Access to the comfort food did not alter the serum
corticosterone concentration in control rats. However, the stress-
induced increase in serum corticosterone concentrationwas attenuated
in those ratswith access to the comfort food (Fig. 3). In order to evaluate
if the metabolic cage in itself might represent an additional stressor for
the rats, serum corticosterone was also determined in control rats kept
in standard cages. No signiﬁcant differences in the serum corticosterone
concentration were found in non-stressed rats kept in standard cages
and fed only with commercial chow (65.5±23.2 ng/ml, n=6) or with
access to commercial chow plus comfort food (170.7±35.6 ng/ml,Table 3
Open ﬁeld behavior of control and foot-shock stressed rats fed a commercial chow or
given an option of commercial chow and comfort food. The numbers between
parentheses are the numbers of animals.
Commercial chow Comfort food
Control (20) Stress (18) Control (12) Stress (11)
Latency to ﬁrst
crossing (s)
9.05±2.44 8.27±0.99 5.16±0.95 15.18±4.53a
Time spent in
center (s)
48.95±4.20 46.83±6.33 31.33±4.69 85.09±23.37a,b
Time spent in
periphery (s)
253.75±5.52 253.16±6.33 265.75±4.96 213.54±23.52a,b
Crossing 67.25±4.51 74.11±3.88 70.91±9.35 59.90±8.13
Rearing 39.45±2.73 38.66±2.45 36.75±3.02 30.80±3.79
Grooming 1.70±0.23 2.16±0.31 1.58±0.19 1.54±0.28
Fecal bolus 2.00±0.46 0.55±0.32 1.66±0.68 1.36±0.79
a Interaction between stress and comfort food (pb0.05, two-way ANOVA and
Newman–Keuls post-test).
b Signiﬁcantly different from control group.n=6) and those seen in rats living in metabolic cages (118.3±21.8;
100.0±90.1 ng/ml; respectively).
Table 4 shows that serum insulin concentrations were higher in
stressed than in control rats (F[1,23]=14.27; p=0.001). On the other
hand, serum leptin concentration was not affected by stress, although
the consumption of the comfort food increased it (F[1,23]=68.93;
p=0.000). Serumglucose concentrationswere higher in rats submitted
to foot-shock stress than in control rats fed with commercial chow
(F[1,23]=25.31; p=0.001) or with comfort food (F[1,23]=15.47,
p=0.005). The intake of comfort food increased serum glucose levels
in non-stressed rats (F[1,23]=8.23, p=0.007). On the other hand, the
serum triglyceride concentration decreased in rats submitted to stress
(F[1,23]=14.97; p=0.000),with access to the comfort food increasing it
(F[1,23 ]=9.65; p=0.005; Table 4).
4. Discussion
Data presented here have shown that rats fed with commercial
chow and submitted to foot-shock stress decreased their food intake,
as has previously been reported for this experimental model [23,24],
as well as for other stress protocols [33,34]. The present data also have
shown that access to comfort food eliminates this effect of stress on
feeding behavior. Accordingly, it has been shown that availability of
simple sugars also may inﬂuence energy regulation after stress. Rats
given access to a 1–2% sucrose solution after exposure to tailshock
gain as much weight as do nonstressed controls [35].
Several factors related to the stress response may be involved in
the effects of foot-shock stress on feeding behavior. They include the
activation of the autonomic nervous system [15], the release of
hormones such as CRH, ACTH, glucocorticoids [16], and leptin [17]; as
well as the activation of neural systems involved in the cognitive,
reward, and emotional aspects of ingestive behavior [18]. However,
the anorexigenic effect of foot-shock stress demonstrated here wasTable 4
Serum levels of glucose (mg/dl), triglycerides (mg/dl), insulin (ng/ml) and leptin (ng/ml)
in control and foot-shock stressed rats fed commercial chow, or given an option of
commercial chow and comfort food. Data are means±sem of 6 animals per group.
Commercial chow Comfort food
Control Stress Control Stress
Insulin 0.55±0.07 1.10±0.21a 0.28±0.04 0.92±0.18a
Leptin 3.50±0.12 3.50±0.28 8.40±1.00b 8.60±0.55b
Glucose 73.8±3.5 128.3±22.9a 95.27±1.99c 117.95±3.69a
Triglycerides 169.80±5.67 157.67±4.84a 209.93±13.05c 169.23±11.28a,d
a Signiﬁcantly different from control groups.
b Signiﬁcantly different from control and stress fed commercial chow.
c Signiﬁcantly different from all the other groups.
d Signiﬁcantly different from stressed rats fed a commercial chow and from stressed
rats given an option of commercial chow and comfort food (pb0.05, two-way ANOVA
and Newman–Keuls post-test).
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of these foot-shock stressed rats indicated lower levels of anxiety than
those found in the control rats. Moreover, the anorexigenic effect of
foot-shock stress was restricted to the intake of commercial chow but
did not affect the intake of comfort food.
It has previously been reported that rats submitted to restraint
stress show greater preference for sweet food than do non-stressed
rats [36,37] and that the intake of comfort food reduces the stress
response [38]. Indeed, rats submitted to 1 h of restraint stress daily for
5 days increased their intake of lard and sucrose [38–41]. However,
rats exposed to chronic restraint stress for 40 days showed a
consumption pattern for comfort food and commercial chow similar
to that of non-stressed control rats, with the intake of comfort food
being greater for both groups [22,42].
In the present study, rats in both stressed and non-stressed groups
showed a clear preference for comfort food, and this preferencewas not
altered by foot-shock stress. Moreover, foot-shock stressed rats did not
decrease their intake of comfort food, which indicates that they did not
develop the anhedonia typically observed in rats exposed to chronic
unpredictablemild stress [11,43] and in patientswith chronic stress and
depression [44]. These differences are in line with the hypothesis that
the type of stressor and its durationmay affect the food intake in various
ways [36]. The results presented here also reinforce the hypothesis that
the intake of comfort food reduces the stress response [39] because the
increase in serum corticosterone levels induced by stress is attenuated
in stressed rats with access to comfort food.
Both elevated plus maze and open ﬁeld tests are widely used to
assess the neurobehavioral proﬁles of experimental animals under the
inﬂuence of anxiogenic/anxiolytic agents [45–47]. The number of
entries into the closed arms and the time spent in the open arms of the
EPM are considered to reﬂect the fear of entering open areas and are
associated with the anxiety level of the animal. Therefore, in the
present study, the greater number of entries and the increased time
spent in the EPM open arms suggest that the foot-shock stressed rats
have lower levels of anxiety than do the control rats. These stressed
rats also performed more head dipping behavior, and exhibited
stretched-attend posture and assessment of risk less frequently. These
behaviors are associated with exploratory activity [48], with the latter
two considered to be strategies for the evaluation of the environment
in potentially dangerous situations [49]. The stretched-attend posture
has been interpreted as “cautious exploration”, which is a common
adaptive behavioral strategy [50]. Hence, the lower number of
stretched-attend and risk assessment postures in the stressed rats
reinforces the hypothesis that these rats present a lower level of
anxiety than do non-stressed rats and are less cautious in exploring
the new environment. The limited number of behaviors related to
anxiety observed in foot-shock stressed rats was not modiﬁed by
access to the comfort food. The anxiolytic-like proﬁle observed in the
EPM test is similar to what has previously been reported for rats
exposed to chronic unpredictable mild stress [9,10,12]. On the other
hand, this behavioral proﬁle is in contrast to previous reports showing
enhanced anxiety-related behavior [7] or no effects of foot-shock
stress on rats' behavior [8]. It has been suggested that these conﬂicting
results might be related to different stress protocols or plasmatic
levels of corticosterone induced by different stressors, since the
administration of glucocorticoids induced biphasic effects on anxiety
related behaviors: anxiolytic effects for low doses and anxiogenic
effects for high doses [51]. However, the foot-shock stressed rats in
the present study had high levels of corticosterone and low levels of
anxiety. Moreover, when these stressed rats have access to comfort
food the hormonal response to stress is attenuated, although the
proﬁle of anxiety-like behaviors in the EPM remains unaltered.
The parameters evaluated in the open ﬁeld revealed no differences
between foot-shock stressed rats and control rats, independent of the
diet of the latter, which suggests that locomotor activity has not been
impaired by the foot-shocks. On the other hand, there is an interactionbetween stress and intake of comfort food, with an increase in the
latency prior to the ﬁrst crossing, as well as in the time spent in the
center of the open ﬁeld. This behavioral proﬁle is indicative of a lower
level of anxiety [45]. Therefore, although the data for the EPM test did
not discriminate between levels of anxiety for the stressed rats fed
with commercial chow and those fed comfort food, the open ﬁeld
revealed the lower level of anxiety of the stressed rats with access to
comfort food. In accordance with these data Dess et al., [52] state that
reluctance to venture forth into unfamiliar places reduces the
likelihood of encountering danger, but endogenous fuel provisioning
permits the animal to play it safe for a time.
Not only were behavioral parameters altered by foot-shock stress
but this led to a widespread metabolic response, with high levels of
glucocorticoids, insulin and glucose detected after foot-shock stress. A
similar reaction was reported by Verago et al. [53] who evaluated the
metabolic proﬁle of rats after each one of the three foot-shock sessions.
Moreover, exposure to foot-shock stress led to the development of
insulin resistance, as demonstrated in vivo by the oral glucose
tolerance test and the reduced response of adipocytes to insulin [54],
although the release of insulin by pancreatic isletswas not altered [54].
The levels of triglycerides, on the other hand, were lower in the serum
of rats submitted to foot-shock stress. Verago et al. [53] reported that
triglycerides increased only after the ﬁrst two sessions of foot-shock
stress and was lower than those seen in control rats after the third
session. Taken together, these ﬁndings indicate that repeated foot-
shock stress leads to a widespread metabolic response aimed at
maintaining high plasma levels of glucose by making triglycerides
available, probably as an energy source for muscle metabolism. The
intake of comfort food represents an additional metabolic challenge,
because it increases the level of glucose, triglycerides and leptin.
Nevertheless, the present results show that the metabolic response to
foot-shock stress is not modiﬁed in rats that have access to comfort
food, except that the stress-induced increase in the serum levels of
corticosterone is attenuated in these rats.
Leptin, however, is strongly affected by the intake of comfort
food. Secreted by adipocytes, this hormone has many effects on the
organism, most of them related to energy homeostasis, such as the
signaling of energy stores and the inhibition of food intake [55].
Although the serum leptin concentration was higher in rats with
access to comfort food, the intake of this more palatable food
was not reduced in control rats nor in foot-shock stressed rats. The
anorexigenic effect of stress is thus limited to the intake of com-
mercial chow. Therefore, in foot-shock stressed rats the intake of
the high caloric diet is combined with high plasma levels of glucose,
triglycerides, insulin, leptin and corticosterone.
Concluding, these data suggest that the anorexigenic effect of foot-
shock stress is independent of leptin, and that it is restricted to the
ingestion of regular commercial chow, whereas the intake of comfort
food is not affected. Moreover, the intake of such more palatable food
attenuates the endocrine component of the stress response, as
represented by the serum corticosterone levels. An anxiolytic effect
of stress that is potentiated by the ingestion of comfort food was also
observed. Taken together, these data indicate that the combination of
stress and free access to comfort food (both present in the modern
society daily life) may represent one of the links between stress and
metabolic diseases such as diabetes and atherosclerosis.
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